Renal and cardiovascular complications make type 2 diabetes one of the most morbid conditions in medicine. The kidney frequently gets involved in this "multi-organ disease". Of the large proportion of patients who progress with further loss of renal function, most prematurely die or end up in dialysis. Many interventions have targeted a decelerated progression of renal function loss, including metabolic control, blood pressure, and lipid management. Recently, modulation of the renin-angiotensin-aldosterone-system (RAAS) have been combined with the existing therapeutic armamentarium. RAAS inhibitors lower blood pressure and decrease albuminuria which leads to additionally protective renal and cardiovascular effects. Although this has been the success story of the last two decades, it has still made a relatively small contribution to patient welfare, since the residual risk in patients that received this optimal care remains extremely high. New treatment strategies are required that further slow the progression of renal and cardiovascular functions.
Introduction
he incidence of diabetes is growing rapidly. Estimates indicate that 285 million people worldwide had diabetes in 2010. This number represents 6% of the adult population aged between 20 and 79 years. It is expected that the prevalence will increase to nearly 8% in 2030, amounting to 438 million diagnosed patients [1] .
The kidney frequently gets involved in type 2 diabetes, starting with signs of hyperfiltration followed by microalbuminuria (>30 mg of albumin in the urine per 24 hr). The presence of microalbuminuria occurs in 30% to 50% of patients with type 1 diabetes, and it is estimated to occur in approximately 20% to 30% of all patients with type 2 diabetes at the time of diagnosis. The progression to further involvement of the kidney is shown when urinary albumin excretion rises to macroalbuminuria (> 300 mg/24 hr), which occurs in ~3 % of the microalbuminuric type 2 diabetic patients per year. Patients with macroalbuminuria are at risk of progressive renal function decline and loss of hormonal functions that are regulated by the kidney. These functions include volume homeostasis, blood pressure, vitamin D metabolism, and erythropoietin production. Finally, ~10% of patients who survived death (mostly) from cardiovascular disease end up in dialysis or with transplantation.
The high risk for end-stage renal disease (ESRD) or premature mortality in patients with diabetes and nephropathy is illustrated in Figure  1 . The incidence of ESRD is simulated by multiplying transition probabilities from normo-to micro-to macroalbuminuria and eventually to ESRD. For this purpose, data are used from different landmark trials in type 2 diabetic patients with normoalbuminuria (BENEDICT and ROADMAP), microalbuminuria (IRMA-2), and macroalbuminuria (RENAAL and IDNT). Figure 1 illustrates that the risk for ESRD or death is particularly high in subjects with macroalbuminuria and nephropathy. In many parts of the world, renal replacement programs are not routinely available for all patients. Therefore, these patients die when they enter ESRD. Comparing these figures with the average annual rate for all kinds of cancer, it becomes clear that the mortality risk of patients with diabetes and nephropathy is higher than the average mortality rate of all types of cancer.
The increasing prevalence of diabetes in combination with the relentlessly progressive course of diabetic complications, despite optimal treatment, emphasizes the need for novel treatment options. This is a challenging task as evidenced by a lack of new treatment strategies since the introduction of angiotensin II receptor blockers (ARBs), more than a decade ago. Fortunately, various novel therapeutic options are currently in development. This article reviews current treatment options and provides an overview of novel therapeutic agents that hold great potential for the treatment of diabetic kidney disease.
Current drugs to prevent the progression of renal disease

Glycemic control
Achieving optimal glucose control is essential to delay the progression of renal complications. A meta-analysis of small clinical studies showed that intensified HbA1c targeting reduced the relative risk of diabetic nephropathy by 66% [2] . These results were subsequently confirmed in a larger type 1 diabetic population by the DCCT trial [3] , and in the type 2 diabetic population by the UKPDS trial kidney. These functions include volume homeostasis, blood pressure, vitamin D metabolism, and erythropoietin production. Finally, ~10% of patients who survived death (mostly) from cardiovascular disease end up in dialysis or with transplantation.
Current drugs to prevent the progression of renal disease
Glycemic control
Achieving optimal glucose control is essential to delay the progression of renal complications. A [2] . These results were subsequently confirmed in a larger type 1 diabetic population by the DCCT trial [3] , and in the type 2 diabetic population by the UKPDS trial [4] . The recent ADVANCE trial examined a more contemporary type 2 diabetic population and found similar results [5] .
The consistent association between HbA1c and renal and cardiovascular outcomes, in combination with beneficial results of randomized controlled trials targeting HbA1c, has prompted the initiation of new trials investigating whether targeting HbA1c levels of below 6% would further delay renal and cardiovascular disease progression. The ACCORD trial investigated this question in 10,251 patients but the trial was terminated early after a median follow-up of 3.4 years because of excess mortality in the intensive therapy group [6] . At the time of discontinuation, the rate of cardiovascular events was not significantly different between the intensively and conventionally HbA1c-targeted treatment group (6.9% intensive versus 7.9% conventional therapy group). Similarly, in the Veteran Affairs Diabetes Trial (VADT), no significant reduction in the risk of developing micro-or macrovascular complications was observed with very strict HbA1c control in 1791 type 2 diabetic patients [7] .
Extensive post-hoc analyses have been conducted to identify an explanation for the unexpected higher mortality rates in ACCORD. It has been suggested that drug-induced increases in body weight and fluid retention caused the excess mortality. Furthermore, frequent hypoglycemic episodes during very strict glycemic control may have occurred. Indeed, post-hoc analyses from the ADVANCE trial showed that severe hypoglycemia significantly increased the adjusted risks of macrovascular events [8] . These recent experiences have taught us that the prevention of progressive renal function loss is only achievable through the development of novel therapeutic agents that omit episodes of hypoglycemia and other side-effects that potentially counteract any beneficial effects.
Blood pressure
Conventional blood pressure control. A range of studies in patients with diabetes have shown that optimal blood pressure control decelerates the progression of nephropathy [9, 10] . Parving et al. showed that strict blood pressure control results in a two-fold reduction in albuminuria in combination with a more than two-fold decrease in the rate of renal function decline (reduction in the decline of glomerular filtration rate (GFR) from 0.9 ml/min/month to 0.3 ml/min/month).
Interventions in the renin-angiotensinaldosteron-system (RAAS). Although optimal blood pressure control is important, identifying drugs that lower blood preassur is critical when targeting renoprotection. Some classes of drugs exert specific renoprotective effects not observed with other drug classes. It appears that agents that directly intervene in the RAAS have outstanding renoprotective effects. The BENEDICT, IRMA-2, and recent ROADMAP trials have shown that blockade of the RAAS in early stages of renal disease is a beneficial intervention [11] [12] [13] . Large-scale prospective trials in patients with type 2 diabetes and overt nephropathy (RENAAL and IDNT) have shown that intervention with an ARB is effective in preventing the transition from overt nephropathy to ESRD [14, 15] . The beneficial effects of angiotensin-converting enzyme inhibitors (ACEi) and ARB are largely attributable to their anti-albuminuric effect. Post-hoc analyses from the RENAAL and IDNT trials showed that the ARB-induced reduction in albuminuria explained most of the long-term renal and cardioprotective effects of ARBs in patients with late-stage diabetes and nephropathy [16, 17] . A new analysis from the IRMA-2 trial confirmed these results in diabetic patients with earlier stages of nephropathy [18] . Despite these promising results from intervention in RAAS, the absolute residual risk for advancing into end-stage renal disease is still extremely high, as is shown in Figure 1 . Assuming that ESRD is equivalent to death in the absence of dialysis or transplantation, then the risk for dying is double that of death from treated cancer ( Figure  1 ). Thus, additional protective treatments are clearly needed.
Combination of drugs. Based on the idea that a combination of ACEi and ARB would result in more effective inhibition of the RAAS, large-scale trials have been initiated and conducted to test whether this strategy reduces the progression of renal disease. The ONTARGET trial was conducted in a population at high cardiovascular risk treated by a combination of an ACEi and an ARB. Unexpectedly, it showed that the treatment increased the risk of renal and cardiovascular disease and adverse events, despite an additional albuminuria-lowering effect [19, 20] . An explanation for this unexpected finding is not available, but it has been postulated that the increase in hyperkalemic events and hypotensive periods may have counteracted the protective blood pressure-and albuminuria-lowering effects [21] . Results from future trials such as the LIRICO [22] and VA-NEPHRON-D [23] will clarify the value of dualagent RAAS blockade in other populations including those with diabetic nephropathy.
The combination of an ACEi or an ARB with diuretic therapy has been investigated to reduce the risk of diabetic nephropathy and ESRD. The rationale of this strategy is based on the idea that diuretic therapy potentiates the beneficial effects of ACEi and ARB therapy. Indeed, it has been shown that combining a diuretic agent with halfdose ACEi and ARB lowers blood pressure and albuminuria more effectively than a combination of full-dose ACEi and ARB [24] . The ADVANCE trial showed that the combination of an ACEi (perindopril) with a diuretic agent (indapamide) significantly reduces blood pressure and the risk of renal and cardiovascular complications compared with placebo therapy in 11,140 type 2 diabetic patients [25] . Unfortunately, no comparison was made between ACEi alone versus the ACEi/diuretic combination in this trial.
Bakris et al. compared the blood pressure-and albuminuria-lowering effects of hydrochlorathiazide versus amlodipine in combination with ACEi therapy. In a 6 month trial, it was shown that combining hydrochlorothiazide with ACEi is more effective in reducing albuminuria than adding amlodipine [26] . However, the long-term randomized trial (ACCOMPLISH) that followed this relatively small study reported contradictory results. Despite the larger reduction in albuminuria seen in combination with hydrochlorothiazide, the rate of renal events was significantly higher compared with the combination with amlodipine [27] .
Based on these results, one could question the validity of albuminuria as a surrogate for renal outcomes. However, flaws have been described regarding analysis and interpretation of the AC-COMPLISH data. Therefore, the question of whether the combination with hydrochlorothiazide confers specific renoprotective effects is still not adequately addressed [28] .
Lipid metabolism
Cholesterol-lowering has undoubtedly contributed to reducing the risk of cardiovascular events in various patient populations, including the diabetic population. Whether cholesterol-lowering therapies reduce the risk of renal events has been a subject of debate for many years. Meta-analyses of initial studies have reported significant reductions in proteinuria in chronic kidney disease patients or patients with micro-or microalbuminuria. However, the effect appeared to be very heterogeneous for different statins [29] . Recently, the SHARP trial showed that the risk of major vascular events in individuals with chronic kidney disease (randomly assigned to simvastatin/ezetimibe or placebo) was markedly reduced by 16% [30] . However, in the subgroup of 6247 individuals who did not require dialysis at study entry, simvastatin/ezetimibe did not lower the risk of ESRD. The lack of a reduction in the risk of ESRD is con-cordant with the notion that the combination of simvastatin/ezetimibe did not reduce albuminuria in the SHARP trial [31] .
Can the SHARP-trial results be generalized to each statin or do different statins exert different renoprotective effects? The PLANET trials gave more insight into this question. The PLANET I (diabetics) and II (non-diabetics) trials compared the effects of atorvastatin and rosuvastatin on renal parameters at equal lipid-lowering doses. The trial showed that atorvastatin reduced proteinuria in diabetic and non-diabetic subjects during a oneyear treatment, but did not considerably change the estimated glomerular filtration rate (eGFR) over time [32] . In contrast, rosuvastatin did not change proteinuria, but was associated with a significant reduction in eGFR. This illustrates that different statins may have different renal effects, and suggests that the SHARP results cannot be extrapolated directly to each statin. In line with the PLANET results is a post-hoc analysis from the ASCOT lipid-lowering arm. In ASCOT, atorvastatin significantly improved eGFR over time compared with placebo treatment in 10,305 subjects at cardiovascular risk [33] . Unfortunately, no adequate analysis was performed in this study to investigate whether the slower rate in eGFR decline with atorvastatin could be attributed to its anti-albuminuric effect. In conclusion, these trials illustrate that different statins may have different effects on renal function. Not only statins, but also fenofibrates, which also intervene in lipid metabolism, appear to have renoprotective effects in patients with diabetes. A post-hoc analysis from the FIELD trial showed that fenofibrate reduced albuminuria after 2 years of follow-up (first post-randomization measurement). This was accompanied by a slower decline in eGFR during the 5 years of follow-up versus placebo [34] . Detailed analyses should be conducted to assess whether the reduction in albuminuria or triglyceride/LDL-cholesterol was the primary driver for renoprotection. Given the accumulating body of evidence indicating that any drug that reduces albuminuria slows renal function decline, it is tempting to speculate that the reduction in albuminuria was the primary determinant of renoprotection.
New and future drugs to prevent the progression of renal disease
Although optimizing glucose, blood pressure, and lipid control has been the favored treatment of the last few decades, it has made a relatively small contribution to the prevention of renal disease. The residual risk of type 2 diabetic patients still remains extremely high even with optimal care. Several novel approaches aimed at halting the progression of renal disease are currently being tested in clinical trials, as outlined in Table 1 and reviewed in more detail below. The beneficial effects of DPP-4-inhibitors may go beyond improving blood glucose control. A small Japanese study showed that six months treatment with the DPP-4 inhibitor sitagliptin reduced albuminuria by approximately 20% [35] . This off-target effect was accompanied by a reduction in systolic blood pressure of 11 mmHg and a 0.7% reduction in HbA1c. The mechanisms causing the reduction of albuminuria are not well understood, but it may be possible that DPP-4 inhibition suppresses inflammatory markers and improves endothelial function, resulting in reduced urinary albumin excretion. Indeed, in a recent mechanistic study with the DPP-4 inhibitor vildagliptin, improvements in endothelial function were observed [36] . However, further welldesigned randomized placebo-controlled trials are needed to confirm the albuminuria-lowering effect of DPP-4 inhibitors. If true, DPP-4 inhibitors could be powerful renoprotective agents with a range of applications beyond their on-target glucose-related effects.
Finally, DPP-4 inhibitors currently in development seem to exert similar effects on HbA1c. However, pharmacokinetic properties vary among different agents which could make a specific compound particularly useful for a certain subpopulation. For example, linagliptin is mainly metabolized and eliminated by the liver, making it particularly useful for a diabetic patient with nephropathy [37] .
Sodium glucose transport 2 inhibitors. The sodium glucose cotransporter 2 (SGLT-2) located in the proximal tubule of the kidney is an effective transporter system that is responsible for the nearly complete reabsorption of glucose to maintain appropriate glucose levels. Each glucose molecule that is reabsorbed is accompanied by reabsorption of a sodium molecule in a 1:2 ratio. SGLT-2 inhibitors inhibit the SGLT-2 transporter, and this leads to enhanced glucose and sodium excretion and a reduction in plasma glucose and HbA1c. Bailey et al. showed that dapagliflozin in doses up to 10 mg/day combined with metformin (≥ 1500 mg/day) reduced HbA1c by up to 0.84% relative to placebo [38] .
Furthermore, trends towards increases in sodium excretion and hematocrit, and declines in body weight and blood pressure have been noted during SGLT-2 inhibition [38] . These additional (off-target) effects could well be the result of combined proximal inhibition of glucose and sodium resulting in enhanced natriuresis and diuresis. Prospective studies, designed to investigate the mechanisms of blood pressure and body weight reductions during SGLT-2 inhibition, are needed to clarify these mechanisms. As described above, volume correction measures, by means of diuretic treatment, potentiate the blood pressure-and albuminuria-lowering effects of ACEis and ARBs. As most patients with diabetes are treated either with ACEi or ARB therapy, SGLT-2 inhibition may, just like diuretics, potentiate the blood pressure-and albuminuria-lowering effects of ACEi and ARB because of their natriuretic/diuretic effects. These beneficial effects may occur in addition to the glucose-and body weight-lowering effects of SGLT-2 inhibitors.
Despite the beneficial effects of SGLT-2 inhibition on cardiovascular risk markers, recent safety concerns have been expressed with the use of the SGLT-2 inhibitor (dapagliflozin); most notably is a non-significant increased risk of bladder and breast cancer. Given the lack of statistical significance, it is questionable whether this increased risk is a true finding or merely a coincidental. It has been suggested that, in cases of undiagnosed bladder cancer, increased glucose in the urine (secondary to SGLT-2 inhibition) elicits urinary tract infections that in turn increase the likelihood that patients visit their doctor and are diagnosed with bladder cancer after a routine urine examination [39] . Clearly, long-term follow-up data are needed to clarify these safety concerns. Phase III trials with the SGLT-2 inhibitors canagliflozin (CANVAS; NCT01032629) and empagliflozin (NCT01131676) are currently ongoing. These trials will provide more insight into the long-term renal and cardiovascular protective effects of SGLT-2 inhibitors.
Blood pressure
Direct renin inhibition. Renin-angiotensinaldosterone-system inhibition (RAASi) by means of ACEi or ARB causes a compensatory increase in plasma renin activity which may lead to activation of the RAAS and blunt the efficacy of ACEi or ARBs. Direct renin inhibition (DRI) has therefore been considered a logical target to enhance the effects of ACEi or ARBs. Indeed, the Aliskiren in the eValuation of prOteinuria in Diabetes (AVOID) trial in 599 subjects with type 2 diabetes and nephropathy showed that combining the DRI aliskiren 300 mg/day with losartan 100 mg/day further reduced albuminuria by 20% [40] . This effect appears to be independent of changes in blood pressure observed in the placebo and aliskiren treatment arms. The currently ongoing ALTI-TUDE trial determines whether treatment with aliskiren prevents renal and cardiovascular events in addition to the maximum recommended ACEi or ARB therapy. Furthermore, it will provide additional information on the long-term efficacy and safety of direct renin inhibition [41] .
Mineralocorticoid receptor blockade (MRB). RAAS-activation causes sodium and water retention that is mediated by aldosterone. Aldosterone was thought to have a primary role in maintaining the sodium and potassium balance, but during the last decade, it has become increasingly clear that aldosterone exerts deleterious effects on renal and vascular tissue. Aldosterone promotes inflammatory processes, increases fibrosis, and causes podocyte injury leading to albuminuria and renal dysfunction [42] .
Inhibition of aldosterone has been shown to exert beneficial effects on albuminuria. For example, Mehdi et al. investigated the comparative antialbuminuric effects of combining spironolactone or losartan with lisinopril. They showed that, after 48 weeks treatment, the combination with spironolactone 25 mg/day resulted in a 34% reduction in albuminuria; twice as high as the combination of losartan with lisinopril [43] . Despite these encouraging results a note of caution is required. MRB with spironolactone or eplerenone is associated with a high incidence of hyperkalemia, especially in patients with diabetes and/or nephropathy [44] . The development of hyperkalemia is in turn associated with a higher risk of developing ESRD [45] . Thus, close potassium monitoring and appropriate treatment is warranted when combining a MRB with the therapeutic regimen.
Measures to manage hyperkalemia include limiting potassium rich food consumption, discontinuation of drugs that impair potassium excretion (e.g. non-steroidal anti-inflammatory drugs), or prescribing potassium binders. With respect to the latter, a new non-absorbable polymer (RLY5016), designed to bind potassium in the gastrointestinal tract, was recently tested in patients with heart failure [46] . The results indicated that this poly-mer caused significant reductions in serum potassium, prevented hyperkalemia, and was well tolerated. Long-term studies are needed to characterize the long-term safety of this therapy, but at least these results suggest that RLY5016 is an attractable candidate to improve the management of hyperkalemia in patients with diabetic nephropathy in the future. This would then lead to studies that test the long-term renal effects of combining MRBs with current renal protective treatments.
Other targets
Vitamin-D receptor activation. Approximately 25 years ago Resnick et al. reported that serum levels of 25-vitamin D are inversely associated with plasma renin activity in normal and hypertensive subjects, suggesting an interaction between the RAAS and vitamin D axes [47] . It was only in 1998 that Schwartz and co-workers found that 1,25 Vitamin D reduced albuminuria in subtotally nephrectomized rats [48] . Since then, there has been mounting evidence that Vitamin D receptor activation has a potent inhibitory effect on RAAS. This is likely induced by suppressing renin biosynthesis via direct inhibition of renin gene expression [49] .
A post-hoc analysis of three combined trials assessed the effects of the Vitamin D receptor activator, paricalcitol, in patients with secondary hyperparathyroidism. The analysis demonstrated that a larger proportion of patients treated with paricalcitol had a reduction in proteinuria, measured by dipstick methodology, compared with placebo treatment [50] . The effects appeared to be independent of concomitant RAAS blockade. More recently, the results of the VITAL study were published. This trial was specifically designed to investigate the anti-albuminuric properties of 1µg or 2µg paricalcitol versus placebo in patients with diabetes and nephropathy [51] . The results showed that paricalcitol in addition to ACEi or ARB therapy reduced albuminuria in a dosedependent fashion and was well tolerated [52] . Whether paricalcitol delays the progression to ESRD was not determined, and still needs to be demonstrated.
Endothelin blockade. The endothelin system is chronically activated in patients with diabetic nephropathy. Binding of endothelin to the endothelin type A receptor (ET A receptor) elicits pronounced vasoconstriction, sodium retention, and promotes podocyte dysfunction leading to glomerular damage, proteinuria, and renal function loss. Endothelin type B receptor activation counteracts the downstream effects of ET A receptor activation, and causes vasodilatation and sodium excretion [53] . Specific blockade of the ET A receptor, but not the ET B receptor, may thus be a promising target to ameliorate diabetes-related renal complications.
Avosentan, an endothelin receptor blocker, significantly reduced proteinuria in patients with type 2 diabetes and nephropathy [54] . However, a large phase 3 trial, which tested the effect of avosentan on hard renal outcomes (ASCEND), was terminated prematurely because of an excess of drug-related adverse events in the avosentan treatment arm, including a high incidence of fluid retention [55] . Despite the selectivity of avosentan for the ET A receptor (ET A :ET B = 50:1), the high dose of avosentan used in this trial may have partially blocked the ET B receptor, resulting in the high incidence of fluid retention.
Recently, the anti-albuminuric effects of atrasentan, another ET A receptor antagonist, were reported in patients with diabetic nephropathy [56] . In this randomized, controlled double-blind trial, 89 subjects who were on stable doses of RAASi were treated with atrasentan for 8 weeks. The results showed significant reductions in albuminuria from baseline for subjects receiving 0.75 mg/day atrasentan (42% reduction, p = 0.023) and 1.75 mg/day (36% reduction, p = 0.073) compared to placebo (11% reduction). Whereas, subjects receiving 0.25 mg/day had a non-significant albuminuria reduction of 21% (p = 0.291) [56] . Pre-clinical studies demonstrate that atrasentan has a higher selectivity for the ET A receptor (ET A :ET B = 1800:1) compared to avosentan. Theoretically, this could mean that adverse events related to edema are less likely to happen with atrasentan. The larger RADAR trial, which is currently ongoing (NCT01356849), will further characterize the efficacy and safety of atrasentan in patients with diabetes and nephropathy.
Anti-inflammatory drugs. Recently, more and more evidence indicates an important role of underlying inflammatory processes in the pathogenesis of diabetic nephropathy. Consequently, research in anti-inflammatory strategies may offer effective approaches to prevent the progression of renal disease. Pentoxyfilline is a methylxanthine derivative that acts in vivo as a phosphodiesterase inhibitor. A number of clinical studies have assessed the anti-albuminuric properties of pentoxifylline. A combined meta-analysis of these trials documented that oral pentoxifylline reduced albuminuria by nearly 300 mg/day versus control therapy [57] . Sub-group analysis showed that the anti-albuminuric effects were mainly present in subjects with macroalbuminuria, and were markedly reduced (and statistically non-significant) in subjects with microalbuminuria. The duration of follow-up in the previous studies was too short to assess the effects of pentoxifylline on progression of renal disease. The ongoing Pentoxifylline for Renoprotection in Diabetic Nephropathy (PRE-DIAN) trial will address whether 2-year treatment with pentoxifylline reduces the rate of progression to renal function loss in subjects with type 2 diabetes and nephropathy. The results of this trial are expected in 2012.
Emerging data show that monocyte chemoattractant protein-1 (MCP-1), a potent cytokine, plays a very important role in initiating and sustaining chronic inflammation in renal tissues. MCP-1 is secreted in response to high glucose concentrations. Also, MCP-1 attracts blood monocytes and macrophages through binding to the chemokine receptor 2, and it facilitates inflammation [58] . Urinary MCP-1 levels correlate with the degree of albuminuria in patients with diabetes. Interestingly, the reduction of albuminuria induced by ACEi correlates with the degree of urinary MCP-1 reduction [59] . These findings support the idea that inhibition of MCP-1 reduces albuminuria and improves long-term renal function. A prospective randomized controlled study showed that inhibition of MCP-1 synthesis reduced albuminuria in addition to ACEi or ARB therapy relative to placebo in subjects who had macroalbuminuria, but did not change albuminuria in subjects with microalbuminuria [60] . To the best of our knowledge, there are no ongoing studies investigating specific renal outcomes.
Finally, bardoxolone methyl is an antiinflammatory drug which became available for clinical studies a few years ago. Bardoxolone methyl activates the Nrf2-Keap1 pathway, which results in inhibition of the pro-inflammatory cytokine nuclear factor κB (NF-κB). In a previous nonrandomized clinical study, treatment with bardoxolone methyl for 8 weeks resulted in a significant increase in eGFR [61] . A subsequent 52-week follow-up study showed that the initial bardoxolone-methyl-induced rise in eGFR was sustained throughout the 52-week follow-up period [62] . A long-term rigid outcome study is currently ongoing (NCT 01351675), determining whether bardoxolone methyl truly delays the progression to ESRD.
Conclusions
Despite the successful use of lifestyle changes, metabolic control, and blood pressure control including ACEi and ARB therapy, the residual renal risk remains very high, leaving the diabetic population with a clear unmet need for novel treatment options. Novel treatments are imperative to improve the prognosis of these patients. As outlined in this review, various drugs are in development. They may offer additional renoprotection, and have the potential to reduce the high morbidity and mortality. Most of these strategies have only been tested as single addition to ACEi or ARB. It would be interesting to define the most favorable combination of these novel drugs to improve the outlook for this high risk population.
